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* 400 s aviiova | A concentrated source of cosmic x~rays with energies above 15 Xev hao

been observed in 2 balloon fiight conducted on July 21, 1964h. The shy was
scanned with a directiomal x-ray detector rotating about & vertical exis,
and 8 peak in the counting rats occurred when the Crzb Rebula uas within
the field of view of the detector. 3Since tha Cradh Kebvula iz knowm to exlt
X-yBYS5 Deer 4 Fev, 1) it is probzble that the higher erergy x-roys observed
| in thie agerirent care fran the same onject. Assuming thiz to be the cessy
the dets yleld an approxdicmete dztormimation of the X-ray spectrum of the
Creb Msbula in the emargy renge frea 15 Xsv to 60 Kev. ‘
The x-ray detector wss & scintillation counter employirg a BI{T1) -
cxvyatslmme in arcea and 1 = thick. 4 collimator of brase slats geve &

2ie1d of view x 16° vida ir one direction and + 55° wide in the other. A
ru~zetel shield and o leyer of 1716 dach lesd shoet covered the sides and
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pulse height enelycer and scaler. The indicator lights from the scelers
were photograpied on 8 moving film togetker with the indicstor lights of a
sceler driven by @ crysial controlied oscilletor which provided the time
bage of the expesriment. The apparetus wes suspended 80 that the detector
axis was inclined at 35° to the vertical, and tbe 3 16° directicm of the
field of view vwas horizontel. The peyloed wes rototed by & lipa twister
which hed a parlcd of 3.3 minutes. The azimuth of ths detector axis was
deternined every 20 secords from & megnetosater reeding. and intermediaic
valuez were obtained by interpolstion.

The detector wes celibroted with 25 and 65 Kov x-raye. At both energies
the distributions in height of pulses going inito the S-chennel anslyzer hsd
isaif-widths et half-gexime Of 3Th. Using tbe centers of these pulse height
diptrir Litione as calibration ctendards we edjusted the discriminstors to
raecord pulses of the sverage size produced by 6-15 Eev x-ruys in chemmel I,
15«28 Kev in chanmel ¥I, 28-42 Fev in chempel IIT, 42-52 Xev in ckanmel IV,
greater than 62 Kev in chanpel V. The energy looe of 8 oinimm ionizing
particle traversing the crystal svas grzater than 600 Esv so that most pulses
produced by charged cosmic reys were recorded in the fifth chennel orly.

The balloon was leunched at dawn from Palestine, Texas. It reached o
mexime pressoee altitude of 2.9 gb gbout 3 howrs before the meridisn translé

of the Crad Hebuwle, and then groduslly descerded, pogsing below 5 b near the
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taking into eccount the diurnal motion of the object. This was done hy
tabulating separately the mmber of counts and the exposure time for each
interval of relative azimth messured from the object, and then dividing
the total counts by the total exposure time to find the aversge counting
rate in each Of the intervals of relative azimnth. When this procsdure vas
zpplied for the case of the Cred Netula to ths data cbtained at pressure
altitudes above 3.9 b 1t gave the results summmrized in Figure 1. During
this 80 mimute periol of observation the zenith angle of the Cred Nchula
decreased fram 35° to 18°, and its azimuth incressed from 96° to 118° fram
gongraphic north. Distinct peaks in the counting rates are seen in channels
II, 1T snd IV at & relative azimuts about 10° greater than that which would
be expected for ~>peak due to the Crad Neduls if the error in deterwmining the
Wc asimyth vere nagligidble. Inspsction of the payloed a&nd calibration
of ‘“‘ne mmgnetcmater indicated the presence of systemstic errors in the magnetic
geimgth determination thet are lovrge encugh to eccount for the discrepancy.
The shape of & pesk due ¢ a conceptrated source was mezsured in the
leboratory by suspending the peyload as in flight end rotating it umiformly
rest the direction of an ertificial 25 Kev x-ray scurce mounted above 1it.
Ths expected peak shapes for a source 2t & zenith angle of 30° ere indicated
in Figure 1. Alsc indicated for each psak is the mmber of standerd deviaticns
by which the cambinsd counting rate in the centrel threa intervals exceeds the
grard sverege around the antire circle. The probebility of these peaks
coomering by statisticn) Ductunidlon 13 pegligible, and il scems pecassary
%o coneluda thet they oxre caused by & scawce Of z-rays in & direction nsar
and, most ldkely, coincident with the Creb EHbhuls.
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Informaticn comcerning the gpectrum of the Observed z-rays can be
cbtained from the data provided that proper aliowance is made for sbsarpticn
in the etaosphare. Assuming thet the sowce is the Crad Nebuls ocme can
calculete the thickness of the atmosphere along the lins of sight. ¥hen a
given cvject crossss the center line of the rectangulsr field of view the
expected counting rate of pulses vith sizes in the imterval fram H, to K,
can be Wbyﬂmrmmla

R = A(6) f f 3(E) exp [-um(ﬂ)x][l exp [—uu(ﬁ)ﬂ}

{1)

‘ x (/o [ 20 ew ):-(s-a)elauzjax,

in which A(8) 18 ¢ rosacted aven of the Getectar in & direction lying oo
the certer 117: «c an engle & from the detsctar axis, J(EME is the intensity
of z-r*" photons with energy E in &8, i . (K)mum(g)mthems
Josoption coefficients at cnergy E of alr and sodiwum iodide respectively,
% 4is the thickness of the atmosphers slong the lime of sight, and ¢ the
thickness of the sodium icdide crystal. In this expression the &RIgy
resolution of the detector is represexted by & gaussian response function
with & standerd devietion © .

Tha difforences botwesn the oversge beckgraund counting rates ead the

sverage pesk rates chssrved 63 the source crossod the field of view wore
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the counting rates atiributable to thas Cred Neluls, ere shosm in Figure 2.
The lines join the expected values calculated for three sssumed incident
differential meber spectre given by the formula

3 (®) =3 (/B )% (2)

with X =1, 2 and 3, exnd normalized t0 the observed valus in chanme) ITI.
The best fit for channels II, III and IV 1s obtained with & = 2. Jo peaks
were chserved in channels I end V for which only upper limits are indicsted
in the figure. It is evident that the spociral index ebove 60 Kev is greater
then 2.

The finx dansity I{¥), vhich 1s the energy incident per unit ereas,
per undt time and per unit frequency interval, is related to the mmber
gpectrun by the forsmia

1(¥) = R3(B)n (3)

vhmh-&ﬁ,/d? is Planck's constant. Taking @ = 2 and edjusting the constants
JO,Ecwﬁtthemtascbmrvedmmlmommrcrtheﬂmdwaﬁy
the expression

1(v) = 10,2
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over the range £ras 5.0 x 100 to aboxt 1.6 x 10°7 ¢/n, corresponiing to
the epergy range from 20 Kov to 40 Kev. This result is plotted in Pigwe 3
together with en Wper Mtctl.axlo'aaersaca'a gac™t (t:/l:)"1 at
¥ =2 x 1017 /8 (~80 Xev) darived from the megative result in chamnel V.
Alsc shoun is a summary of the previous date on the elsctromagnetic spectrum
of the Credb Hetuls. The spectrum in the redio and opticel regians was taken
from the recent review of Meror'®) The opticel partion is subject to
congléerabls uncertainties due {to poorly Inown corrections for intsrstellar
shearption. The spectzum fram 3 x 1007 to 10% /s ves computed fram data
of the ML growp. '3

The results of this axpariment sie new evidence against the idea that
the x-reys from the Crab Hebula are the blackbody emission from the surface
of a neutron star. Previcusly, the chservaticn of a gredual luner occultation
by Bowye> et eé?)innicawd that the source was not an unresclvable point as
apacted for any star, hutl rather &n exterdsd dbject with an angular dismeter
of aboat 1 arc mimute. Hou, in edditiom, ip arder o explain the x-rey
intensity above 15 Ecv observed in this experiment it would be nacessary to
apsume a surfece texperuture of more then 6 x 107 K° vhich is considerebly
greater then the thearetical imlt of 1.6 x 10! E° derived by Morten fram an

analysis of the effect of neutrino procasses in the core on the rete of cooling. ')
On tbs other hand, the detm cbove 15 Fov can be roascmably wall Sitted to an

incident spectrum of redistim exdtted in free-frec transitions in 2 hot gas
oERr 2 X 3.08 Z'E’ .




Tha spperatus for this experiment wes comatructad by M. ¥illiem B. Smith.
Hiz assistence thronghout is grelefully acknosledged. The balloon cperation
was carried cut under the direction of the Fationg) Center for Atmospheric
Research. The date wes processed by M. Alfred Van with the facilities of
the MIT Computetion Center. I wish to thank Dr. H. Friedeen for permission
to incliude the recent date of the HRL group ia Figure 3.



Figure 3.

Average counting retes in the five pulse height chenpels vercus
the mgnetically determined srimuth relative to that of the
Creb Netula. The peak neer 07 in chamnals I¥, IIT and IV is
attributed to the x-rsy source in the Crab Nebuls. The cause
of the veriations in chammnal I is not known, end =ay be instru-
nentel o

Peel: minus background counting retes from the cbeerved cource for
ths five pulse~height channels. Upper limits only are indicated
for chmmnels I and V. The dashed, sclid; and dotted lines
regrosent the sxpected veristion in coumting retes for incident
spectra in the fors of powsr lews with spectral imdices of 1, 2
and 3 respectively, snd normalized to the cdserved rete in
chamnel IIT.

Swxary of datz on the spectrum of electromegnetic radiation from
the Crab Eebula. '
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Figure 1. COUNTING RATES VERSUS AZIMUTH RELATIVE TO THE CRAB MEBULA
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FIGURE 3. SUMMARY OF DATA ON THE ELEGTROMAGNETIC
R SPECTRUM OF THE GRAB NEBULA



